The Upper Essequibo Conservation Concession is a reserve in central-eastern Guyana managed by Conservation International. The site is uninhabited by people and poorly studied. The first scientific fish survey was in 2007 in conjunction with the filming of the BBC nature documentary Lost Land of the Jaguar. Aquatic habitats were primarily flowing water, ranging from the main channel of the Essequibo River to small forest creeks. Ponds and seasonally flooded forests were uncommon. Large predatory fishes were abundant in the Essequibo River. Fishes tolerant of low oxygen levels were common in flooded forests and small forest creeks. There was zero similarity between the fish assemblages of the Essequibo River and flooded forests / small forest creeks. The rest of the habitats and fish assemblages formed a continuum between these extremes. Imminent threats to the Upper Essequibo Conservation Concession include logging, mining, and over-fishing. Because of the heterogeneous distribution of fish assemblages, and because each threat will differentially affect different habitats, a two-pronged approach focusing on the ends of the habitat / fish assemblage continuum should be implemented in order to conserve the entire fish biodiversity of the Upper Essequibo Conservation Concession.
Introduction
Improving scientific information from conservation sites is crucial for guiding policy and management decisions. Scientific information can also be used to highlight the biological importance of sites, attract funding to support management, and demonstrate existing opportunities for biodiversity conservation. An example is the Upper Essequibo Conservation Concession (UECC) managed by Conservation International -Guyana.
The UECC -a High Biodiversity Wilderness Area of the Guianas Region located within the State's Forestry Zone of Guyana -is within a region designated to be important for conservation at a Priority Setting Workshop held in Suriname (Conservation International 2003) . In order to safe-guard this site from the potential pressures associated with economic development until national protective legislation is enacted, Conservation International has been granted a conservation concession by the Government of Guyana. In essence, Conservation International leases forestry rights, but does not actually log the concession. This allows the site to be managed for biodiversity conservation while, at the same time, principal resource owners and stakeholders are compensated for lost economic opportunities.
However, despite the natural beauty of the pristine area, little was known about the region's biodiversity. The situation changed when the British Broadcasting Corporation (BBC) Natural History Unit became interested in the UECC not only because of its pristine state, biodiversity, and remote locality, but also by its concept and the fact that the site is in one of the few remaining unstudied areas of the Guiana Shield. Conservation International -Guyana, on the other hand, required baseline scientific data and the international promotion of the UECC and its concept. This led to a collaboration between the two organizations that allowed the UECC to be part of the BBC wildlife series known as Lost Land of the Jaguar (AKA Expedition Guyana or Lost World: Land of the Giants). A major spinoff of this collaboration was a demonstration of the new role that can be played by international media in facilitating the improvement of global knowledge on biodiversity. And it provided an opportunity to conduct a scientific survey of the aquatic habitats within the UECC.
Some of Guyana's fishes have been the subject of scientific investigation (Lasso et al. 2008 ). For example, Eigenmann (1912 , Mol (2002 ), Hardman et al. (2002 , Watkins et al. (2005) , and Lasso et al. (2008) studied fishes primarily along the Rupununi River and lower and middle sections of the Essequibo River, but the upper areas are not well known. There remains a great deal of uncertainty regarding the total number of fish species existing in Guyana. Prior to this survey, it had been estimated that Guyana has over 700 species of fishes, more than 400 of which are recorded for the Iwokrama Forest alone (Watkins et al. 2005) . Since many areas in the country are yet to be studied it is believed that the number of fish species in Guyana could be higher. There are several reasons for this paucity of data: limited national capacity, inaccessibility, high travel costs, hostile terrain, and treacherous cataracts in the upper reaches of most waterways being the most significant. The most pristine areas with the highest biodiversity of the country often are the most difficult to reach.
There are only a few national parks or reserves in Guyana, and none are located in the upper Essequibo River watershed. This ichthyological survey was the first to be conducted in the UECC. Therefore the data presented here is not only an improvement on the knowledge of fishes in the Essequibo River, but for Guyana as a whole.
Description of study site
The UECC occupies approximately 81,000 hectares of intact tropical rainforest straddling the Essequibo River just south of 
Material and Methods
The fishes of the UECC were surveyed between September 15 and 30, 2007. Specimens were collected using 5 meter × 1.5 meter seines, 40 meter × 2 meter and 10 meter × 2 meter gillnets, Fyke nets, dipnets, as well as hook and line. Every available type of aquatic habitat in the accessible portions of the reserve was sampled. This resulted in 25 sampling stations scattered throughout various sub-basins (Figure 1 ).
Specimens were preserved in 4% formalin, rinsed in water, and then transferred to 70% ethanol for long-term storage. All identifications were made at The Field Museum, Chicago, Illinois, USA.
Aquatic habitats were divided into five categories based primarily on stream flow and composition of the basement material (bedrock, boulders, sand, mud, leaves, sticks, etc.) (Table 1) . Each sampling station and its associated fishes were assigned to a habitat type.
A cluster analysis was conducted in STATISTICA 5.5 using shared and unshared species among habitats. The hierarchical tree was computed based on single linkage and Euclidean distances.
Comparisons between lists of species for each habitat were made using the Tripartite Similarity Index (TSI) (Tulloss 1997 ). This index uses three 'cost functions' to calculate the similarity between lists (shared taxa), dissimilarity between lists (unshared taxa), and difference in size between lists. The three 'cost functions' are multiplied together to yield a single value.
EstimateS 8.2.0 was used to estimate species richness (Colwell 2009). The Classic option was used to compute Chao1 and Chao2.
Results
A total of 109 species were recorded during the expedition (Appendix). The number of species per habitat generally reflected the amount of water or stream width ( The cluster analysis revealed a continuum ranging from Large River to Medium River -Sand to Medium River -Detritus to Small Forest Creek to Flooded Forest (Figure 2 ). Large River was the habitat most distant from all the others, followed by Medium River -Sand. The remaining three habitats were more closely linked.
The Tripartite Similarity Indices (TSI) reflected the cluster analysis (Table 3 ). Large River was most similar to Medium River -Sand (TSI = 0.185), followed by Medium River -Detritus (TSI = 0.076). There was no overlap in species between Large River and Small Forest Creek or Flooded Forest, yielding TSIs = 0. Overall, the lowest TSIs were comparisons made between Large River and any other habitat.
The highest TSI was Medium River -Detritus versus Small Forest Creek (TSI = 0. Medium River -Sand and Large River combined account for 79.8% of the species total (Figure 3) . With the addition of Small Forest Creek, the three habitats account for 92.7% (Chernoff et al. 2004) .
The species accumulation "curve" shows an initial burst in collection of species, followed by a plateau, then a sustained increase in the number of species discovered, and finally another plateau near 109 (Figure 4 ). The portions of the "curve" with higher slopes correlate with the exploration of novel habitats.
For species richness, EstimateS calculated Chao1 = 170.54, which was greater than the Abundance-based Coverage Estimator. The Incidence-based Cover Estimator = 185.59, which was greater than Chao2 (Colwell 2009).
Discussion
Baseline scientific data are necessary to make informed conservation and management decisions. This can be particularly challenging in many South American reserves that are difficult to species, and this seems like a reasonable estimate. We traveled as far as we could up Pouice Creek until our way was blocked by fallen trees and the stream was too shallow for our boat. The water level in Smyths Creek was high, making fish collecting difficult. And the entrance to Cocoa Creek was completely blocked by dense vegetation. Surveying other interior streams would require long, laborious treks through the jungle. The UECC should also be surveyed at different times of the year to account for seasonal effects. By the end of our expedition, we were catching largely the same species over and over Biota Neotrop., vol. 13, no. 4 again. Additional fieldwork is necessary to completely describe the fishes of the UECC, but we collected enough fishes to preliminarily characterize the primary habitats within the reserve and to begin making management recommendations.
Our data indicate that fish species are not distributed randomly or homogeneously across the landscape of the UECC. They are found in particular habitats, although the habitat requirements of some species are not as strict as those of other species. This has also been documented in the Rupununi watershed, with the most dramatic differences between savannah ponds and the main channel of the river (Lowe-McConnell 1964 , de Souza et al. 2012 .
For ease of analysis in our study, habitats were divided into discrete units, but this is rarely the case in nature. Rivers are known to be continuums (Horwitz 1978 , Balon & Stewart 1983 and that is apparent here. Flooded Forests and Small Forest Creeks are the initial forms of surface water in which fishes live. These flow into Medium River -Detritus that gradually transform into Medium River -Sand that empty into the Large River. The rate of this transformation can vary. For example, there are seasonal ponds within one kilometer of the Essequibo River, so there is a Flooded Forest flowing into a Small Forest Creek that empties directly into a Large River. The Medium River stage is absent, although the general continuum pattern is maintained.
The fishes reflect this continuum of habitats. There is a gradual change in species assemblages along the gradient, with no overlap between the extreme ends of the continuum (Large River versus Flooded Forest and Small Forest Creek) (Figure 2 , Table 3 ). Both Silva et al. (2013) and Takahashi et al. (2013) found similar patterns in southern Brazilian streams. Upstream fish assemblages differed from downstream fish assemblages, and habitat played a role in constructing the pattern.
In the UECC, one end of the continuum, Flooded Forests and Small Forest Creeks, can change dramatically over the year. During the rainy season, water is available. But during the dry season, the habitats shrink in size, and sometimes disappear altogether. Fishes that can survive in several centimeters of water and are tolerant of low oxygen levels are most common. Body size also tends to be small. On the other end of the continuum, river levels fluctuate with the seasons in the Essequibo River, but water is always present. Current is usually faster. Oxygen is not typically a problem. Fish body size ranges from small to large. And there are more microhabitats to exploit.
When developing conservation plans, one often conducts a costbenefit analysis to determine how to save the most species / habitats for the least amount of money. According to Figure 3 , focusing on Medium River -Sand and Large River will save the habitats for approximately 80% of the fish species within the reserve. These two habitats are usually adjacent to each other along the central riverine corridor, so this eliminates the need to trek long distances through the jungle, and further facilitates implementation of a management plan. However, this approach would sacrifice the ecologically distinct species in the Flooded Forests and Small Forest Creeks.
Instead, a management plan needs to address the entire gradient of habitats by taking into consideration the primary threats to the reserve. In this case, the two classes of threats are targeting each end of the continuum. The first is logging and gold mining. Although no logging is allowed in the reserve, the areas around the UECC are actively being divided into forestry concessions. Small-scale gold miners are actively prospecting the watershed. If surrounding areas are cleared of trees, an increase in erosion followed by sedimentation of headwaters would be expected. Small Forest Creeks will be severely affected. Depending upon the amount of erosion and the topography of the basin, the sediment could travel all the way to the Essequibo River, affecting all aquatic habitats. The primary and most severe effect would be to Small Forest Creeks in the headwaters.
The second significant threat is over-fishing. This would target the Large River category because this is where the largest and most popular food fishes live. Large piranhas (e.g., Serrasalmus rhombeus (Linnaeus 1766)), pacus (e.g., Myleus pacu (Jardine 1841)), lukanani (Cichla ocellaris Bloch & Schneider 1801) and large catfishes (e.g., Phractocephalus hemioliopterus (Bloch & Schneider 1801)) are abundant in the Essequibo River. An abundance of large predatory fishes seems to be a common pattern for pristine regions of the Guiana Shield (Mol et al. 2006) . Our guides delighted in catching them, and the entire expedition ate fish. But during the survey, it became more and more difficult to catch large fishes near the camp, forcing our guides to travel farther and farther to find food. A more detailed study is required to determine the productivity and fishery potential of the region, but our experience indicates that it could easily and rapidly be over-fished. No one lives in or near the UECC at the moment, but this is expected to change as Guyana develops.
A two-pronged management plan is recommended for the UECC, one part focusing on the headwaters (Small Forest Creek and Flooded Forest) and one part focusing on the main channel of the Essequibo River (Large River). By managing the two ends of the aquatic continuum, the intermediate gradient of habitats with their associated fishes has a greater probability of being conserved.
